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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in 
the application: 

1. (Currently Amended) A method for crossflow membrane filtration of 
a poly-disperse suspension, said method comprising: 
selecting a poly-disperse suspension; 

A method for predicting pr e ssur e independent permeation flux and target 
mol e cul e yi e ld in a p e rmeate resulting from crossflow m e mbrane filtration of particl e s in a 
poly - disporso suspension, said method comprising: 

determining particle size distribution of the poly-disperse suspension; 

determining equivalent spherical radii of the particles; 

determining viscosity of the suspension; 

determining maximum back-transport velocity (ui) for all particles; 

estimating maximum aggregate packing volume fraction (^) for all particles 
at a wall of the filtration membrane from geometric considerations; 

selecting the particle that gives a minimum permeation flux at a given 
filtration membrane shear rate, wherein the selected particle has a radius (ai); 

determining a predicted permeation flux (J); 

determining packing density at a membrane wall for each particle size (aj 
for J ^ /) at the predicted permeation flux; 

determining interstitial packing density {(^unterstice) of particles in the 
suspension which are the smallest; 

determining minimum pore diameter (2rininimum) based on the packing density 
of each particle; end 

estimating yield of a target species in the filtration permeate by calculating 
observed sieving coefficient {So) for the target species, thereby predicting pressure 
independent permeation flux and target molecule yield in a permeate resulting from crossflow 
membrane filtration of particles in ef the poly-disperse suspension during crossflow filtration^ 

optimizing conditions for filtration based on the prediction of pressure 
independent permeation flux and target molecule yield to design a filtration system for the 
said poly-disperse suspension; and 

filtering the selected poly-disperse suspension using the designed filtration 

system . 
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2. (Original) The method according to claim 1, wherein said determining 
viscosity of the suspension is carried out by using a modified Einstein-Smoluchowski 
equation: /////o = 1+ 2.5 ^ + ki <pb^ where 77 is bulk fluid viscosity (kg/m.s) of the suspension, 
/70 is bulk fluid viscosity of the suspension without solute (kg/m.s), k\ is particle shape factor 
(-), and ^ is particle volume fraction in the bulk suspension (-). 

3. (Original) The method according to claim 1, wherein said determining 
viscosity of the suspension is carried out by experiment. 

4. (Original) The method according to claim 1, wherein said determining 
maximum back-transport velocity {u\ ) comprises: 

calculating Brownian diffusion (Jb) for all particles, where 
Jb =0.114(x/t^7^/;7Vz)^^^ln(<A^/^); 

calculating inertial lift (Ji) for all particles, where J\ = 0.036pa^'^l7]; 

calculating shear induced diffusion (Js) for all particles where Js = 
O.Ql^{a^lL)^^^]in{(/)y,/(/>b), wherein y is wall shear rate (s"^), /^ris Boltzmann constant (J/mol K), 
ris temperature (K), 77 is bulk fluid viscosity (kg/m.s), a/ is radius of species /(m), L is tube 
length (m), is particle volume fraction at the filtration membrane (-), <j>b is the particle 
volume fraction in the bulk suspension (-), and p is particle density (kg/m^); and 

selecting Jmax for each particle, wherein Jmax = Ui whereby maximum back- 
transport for each particle is determined. 

5. (Original) The method according to claim 1, wherein said estimating 
maximum aggregate packing volume firaction(^v^ at the membrane wall for a suspension 
comprises: 

determining particle size {a^) of species (/) in the suspension; 

determining if the size ratio of the particles is > 10, such that Ui+i > lOa^for all 

ail and 

calculating the maximum aggregate packing volume fraction(^/J by = (t>m 
+ ^ (1- (j)Mn-i), where ^ = set to 0.64 when the size ratio of the particles is > 10, such 
that Qi+i > lOat for all at, 

6. (Original) The method according to claim 5, wherein the suspension 
comprises 3 particle sizes and wherein ai >10a2 > 100^3, said method further comprising: 

calculating (2W = ^ + (2^ (1- <Z>m) + 0.74[1 - {(2^ + ^ (1- <z^)}], 
wherein ^ is set to 0.64. 
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7. (Original) The method according to claim 1, wherein said estimating 
maximum aggregate packing volume fraction {(^m) at the membrane wall for a suspension 
comprising two particles, such that ai >10 a2, is carried out by calculating = ^ + 0.74 (1- 
(f>m), where ^ is set to 0.64. 

8. (Original) The method according to claim 1, wherein said estimating 
maximum aggregate packing volume fraction (^v^ at the membrane wall comprises: 

calculating a maximum radius ratio of all particles; 
determining if said maximum radius ratio is < 10; and 
setting ^as 0.68, where said maximum radius ratio is < 10. 

9. (Original) The method according to claim 1, wherein said selecting the 
particle that gives the minimum permeation flux (J) comprises: 

calculating Brownian diffusion (Jb) for all particles, where 

Jb =0.114(;/^7^/^7Vz)^^^ln(^/<z!fe); 

calculating inertial lift (Ji) for all particles, where J\ = ^.^l>6pa^lri; 

calculating shear induced diffusion (Js) for all particles, where Js ^ 
0.078(a'*/L)^^^;;4n(^/^), wherein y is wall shear rate (s"^), atIs Boltzmann constant (J/mol K), 
T is temperature (K), t] is bulk fluid viscosity (kg/m.s), Ui is radius of species / (m), L is tube 
length (m), ^ is particle volume fraction at the membrane wall (-), <pb is the particle volume 
fraction in the bulk suspension (-), and p is particle density (kg/m^); 

determining a Jmax value for each particle; and 

selecting a J^ax value from among all Jmax values that is the lowest thereby 
selecting the minimum permeation flux (J). 

10. (Original) The method according to claim 1, wherein said determining 
packing density at the membrane wall {^j) for all particles at the predicted permeation flux 
{cij for j ^ /) comprises: 

back-calculating the value of (jK^j such that gives the predicted permeation 
flux {J) of selected particle (ai) using the equation for back-transport that establishes 
maximum back transport for each particle (o/ for wherein the equation is either Jb = 
QA\A{ri^T^lrfc^Lf\rii^(l>J(l^) or Js = 0.01Ka^/Lf^M{<l>J(k\ ovJi= Omepa^T^/t]. where y 
is wall shear rate (s"^), a: is Boltzmann constant (J/mol K), Tis temperature (K), rj is bulk 
fluid viscosity (kg/m.s), is radius of species /(m), L is tube length (m), (f^, is particle volume 
fraction at the membrane wall (-), (pb is the particle volume fraction in the bulk suspension (-), 
and p is particle density (kg/m^). 
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11. (Original) The method according to claim 10, wherein said 
determining packing density further comprises: 

determining if the predicted permeation flux is established by inertial lift (Ji) 
for one particle type; 

determining if uji >\0J; and 

setting <pwj = 0, when one particle type is established by inertial lift (Ji) and uji 

>10J. 

12. (Original) The method according to claim 10, wherein said 
determining packing density fiirther comprises: 

determining if the predicted permeation flux is established by inertial lift (Ji) 
for one particle type; 

determining if uji <10J; and 

determining packing density (^j) by <^ji = - ^ when Uji <10J and one 
particle type is established by inertial lift. 

13. (Original) The method according to claim 10, wherein said 
determining packing density further comprises: 

determining if permeation flux is established by inertial lift (Ji ) for more than 
one particle type; 

determining if Uji < lOJfor the particles; and 

determining packing density by = ^ - E when wji < lOJand 
permeation flux is established by inertial lift for more than one particle type. 

14. (Original) The method according to claim 10, wherein said 
determining packing density further comprises: 

determining if permeation flux is established by Ji for more than one particle 
type O'll, jI2,. . .jin); and 

determining packing density at the membrane wall by 

^jii + ^ji2 = ^ - 2 wherein : = ^jn Wji2 : ^ji2 wjn, where j ^jH 
or jI2 and wjn, Ujn < 10 J, when permeation flux is established by Ji for more than one particle 
type. 

15. (Original) The method according to claim 1, wherein said determining 
interstitial packing density {^unterstice) of the smallest particle is carried out by 

i interstice (jhs^icorrectedl ^ ~ corrected) t> whcrcln (/)wicorrected [ (^W/)/^ ^v^'Jj 

where ^ is the particle volume fraction at the membrane wall (-) for particle /. 
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16. (Original) The method according to claim 1, wherein said determining 
minimum pore diameter (2rininimum) is carried out using 

2rminimum = ai{^2[4(4/3)n/ (^unterstice]^^^ -2), whcrc a is radius of species / (m) 
and rminimum is a minimum equivalent cake void radius for all cake types (m). 

17. (Original) The method according to claim 1, wherein said estimating 
yield of a target species comprises: 

calculating observed sieving coefficient (So), where So = *?«/(( 1- Sa)Q^p(-J/k) + 
So), wherein actual sieving coefficient Sa is obtained from 

Sa = (SocQxp(Pejn ))/(jS'oc + exp(Peni ) "1), wall Peclet number, Pcm is obtained 
from Pem = (JSrJD){Sac /s<pK^ ), where J is permeation flux (m/s), 3^ is taken as the side of 
the face centered cube of the particles of radius ai that forms the controlling cake for 
transmission, 5^ = cl = a{ \i4{4iy)Ti)l (punterstice^^^ •> D is molecular diffusion coefficient (m^/s), 
intrinsic sieving coefficient iSoc is obtained from ^'oc = (l-?^)^[2 - (1- Xf] exp(-0.7146:^^), X = 
^J^min, where Ts is solute radius (m) and rmin is a minimum equivalent cake void radius for all 
cake types (m), ^ is equilibrium partition coefficient between membrane pore and suspension 
(-), s is cake/membrane porosity (-), Kd is hindrance factor for diffusive transport (-), and k is 
mass transfer coefficient (m/s). 

18. (Original) The method according to claim 1, wherein crossflow- 
filtration is carried out in a diafiltration mode, and the yield of the target species is estimated 
after A^d diavolumes as Yield =1- exp(- A^d-S'oaveiage) where iSoaverage is average observed sieving 
coefficient during diafiltration (-), where So = SJUl- Sa)Qxp(-J/k) + Sa ), where actual sieving 
coefficient Sa is obtained from Sa = (SacQxp(Pera ))/(5oc + e^piPcm ) -1), where J is permeation 
flux (m/s), wall Peclet number, Pe^n, is obtained from Pcm = {JdaJD)(Soc /s(pK^^ where is 
taken as the side of the face centered cube of the particles of radius Ui that forms the 
controlling cake for transmission, where 5^ = a = Ui \_{4{4/y)ny (fhinterstice^^^ , D is molecular 
diffusion coefficient (m^/s), intrinsic sieving coefficient Soc is obtained from Soc = (1-A,)^[2 - 
(1- X)^] exp(-0.7146X-^), X = rs/rmin, where Ts is solute radius (m) and / minis a minimum 
equivalent cake void radius for all cake types (m), ^is equilibrium partition coefficient 
between membrane pore and suspension (-), e is cake/membrane porosity (-), Kd is hindrance 
factor for diffusive transport (-), and k is mass transfer coefficient (m/s). 

19. (Original) The method according to claim 1 further comprising: 
re-calculating packing density for all particle sizes if packing constraints are 

not satisfied based on initial determination of packing densities of the particles at the wall. 
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20. (Original) The method according to claim 19 further comprising: 
correcting packing density using ^icorrected = 

reevaluating J for the particle selected as having the minimum permeation flux 
based on <f>wicorrected= (hi [ {(f^i)rL ^f]; and 

reevaluating maximum back-transport velocity (wi). 

21 . (Original) The method according to claim 20 further comprising: 
repeating the steps of claim 17 until a desired packing constraint is met. 

22. (Original) The method according to claim 1 further comprising: 
refining the yield of the target species. 

23. (Original) The method according to claim 22, wherein said refining 
the yield comprises: 

determining whether the suspension has a low, intermediate, or high operating 
shear rate leading to different yield regimes, wherein a suspension at a low operating shear 
rate leads to an So > 0.75 corresponding to a yield > 0.95, an intermediate operating shear rate 
leads to 0 < jSo < 0.75 corresponding to yield from 0 to 95%, or a high operating shear rate 
leads to an So = 0, wherein So= SJUl- Sa)Qxp(-J/k) + SaX wherein actual sieving coefficient Sa 
is obtained from Sa = (SocQ^p(Pem ))/(^oc + exp(Pem ) -1), wall Peclet number, Pem is obtained 
from Pcm = (JSm/D)(Saz ls(j)K^, where J is permeation flux (m/s), 5^ is taken as the side of 
the face centered cube of the particles of radius that forms the controlling cake for 
transmission, 5^^ = a = Ui [{^{^iy)n)l (/)iinterstice\^^^ , D is molecular diffusion coefficient (mVs), 
intrinsic sieving coefficient Sac is obtained from So. = (l-?i)^[2 - (1- Xf] exp(-0.7146X^), X = 
rjrjrmi^ where is solute radius (m) and rmin is a minimum equivalent cake void radius for all 
cake types (m), (p is equilibrium partition coefficient between membrane pore and suspension 
(-), s is cake/membrane porosity (-), is hindrance factor for diffusive transport (-), and k is 
mass transfer coefficient (m/s). 

24. (Original) The method according to claim 23, wherein an intermediate 
operating shear rate is determined as leading to 0 < jS'o< 0.75, said method fiirther comprising: 

calculating stagnant film flux {J) equation for non-retentive membranes 

wherein J = k In [{^^i - (t)permeatei) /(Ct)bi - Cl)permeatei)] = ^ In [^wi I ^bi(} " ^o)], whcrcin ((|)wi » 
^t^permeatei)? and 

correcting So by replacing J = solvent permeation flux (m/s) with the stagnant 
film flux {J) equation for non-retentive membranes in the equation for observing sieving 
coefficient, So^ where So = SJiil- iS'a)exp(-J/A:) + Sa ). 

1 1998Q48 4 



Serial No.: 10/524,508 



-8- 



25. (Original) The method according to claim 1 further comprising: 
constructing a plot of the predicted permeation flux and yield versus wall 

shear rate, thereby predicting permeation flux and target molecule yield of the poly-disperse 
suspension during microfiltration. 

26. (Original) The method according to claim 1, wherein filtration is 
selected from the group consisting of microfiltration and ultrafiltration. 

27. (Original) The method according to claim 1, wherein filtration is 
carried out with a filter selected from the group consisting of a flat sheet filter, hollow- fiber 
filter, and a helical filter. 

28. (Original) The method according to claim 1, wherein the suspension is 
selected from the group consisting of streams from biomedical and bio-processing industries, 
waste water, surface water, environmental pollutants, industrial waste streams, and industrial 
feed streams. 

29. (Original) The method according to claim 28, wherein the suspension 
is a stream from biomedical and bio-processing industries selected from the group consisting 
of proteins, cells, nucleic acids, colloids, milk, and suspended particles. 

30. (Currently Amended) A method for crossflow membrane filtration of 
a poly-disperse suspension, said method comprising: 

selecting a polv-disperse suspension: 

A method for dotormining packing density of particles of a poly disperse 
suspension at a membrane wall, said method comprising: 
providing a predicted permeation flux (J); 

determining packing density for all particle sizes at the predicted permeation 

flux; and 

determining interstitial packing density ((^unterstice) of particles in the 
suspension which are smallest, thereby determining packing density at the membrane wall of 
particles of the poly-disperse suspension^ 

optimizing conditions for filtration based on the said packing density to design 
a filtration svstem for the said polv-disperse suspension; and 

filtering the selected polv-disperse suspension using the designed filtration 

svstem . 
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3 1 . (Original) The method according to claim 30, wherein said 
determining packing density at the membrane wall {<l>wj) for all other particles at the predicted 
permeation flux {aj for j ^ /) comprises: 

back-calculating the value of (pwj such that <pwj gives the predicted permeation 
flux {J) of selected particle (ai), using the equation for back-transport that establishes 
maximum back transport for each particle {aj for j=i)^ wherein the equation is either Jb = 
OAlA{yi^T^lrj^a^Lfhn{(/>^l(^) or Js = 0.078(a^/L)^^Vn(^/^), or Ji= 0m6pa//ri, where y 
is wall shear rate (s~^), a: is Boltzmann constant (J/mol AT), T is temperature (K), 77 is bulk 
fluid viscosity (kg/m.s), a^is radius of species /(m), L is tube length (m), ^ is particle volume 
fraction at the membrane wall (-), ^ is the particle volume fraction in the bulk suspension (-), 
and pis particle density (kg/m^). 

32. (Original) The method according to claim 3 1 , wherein said 
determining packing density further comprises: 

determining if the predicted permeation flux is established by inertial lift (Ji) 
for one particle type; 

determining if Uj\ >\QJ; and 

setting (zSw/ = 0, when one particle type is established by inertial lift (7i). 

33. (Original) The method according to claim 31, wherein said 
determining packing density further comprises: 

determining if the predicted permeation flux is established by inertial lift (J{) 
for one particle type; 

determining if uji <10J; and 

determining packing density {^j) by = ^ - S when uji <10J and one 
particle type is established by inertial lift. 

34. (Original) The method according to claim 3 1 , wherein said 
determining packing density further comprises: 

determining if permeation flux is established by inertial lift (Ji ) for more than 
one particle type; 

determining if wji < lOJfor the particles; and 

determining packing density by = (f>M-^ (pwj when wji < lOJand 
permeation flux is established by inertial lift for more than one particle type. 

35. (Original) The method according to claim 3 1 , wherein said 
determining packing density further comprises: 
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determining if permeation flux is established by Ji for more than one particle 
type 0*11 . jln); and 

determining packing density at the membrane wall by 

^jii + ^ji2 = <hi-^ <Kh wherein ^^yx : = ^jn Wji2 : ^ji2 wjn, where j ^jll 
or jI2 and wjn, wjn < 10 J, when permeation flux is established by Ji for more than one particle 
type. 

36. (Original) The method according to claim 30, wherein said 
determining interstitial packing density {^unterstice) of the smallest particle is carried out by 

(f>wicorrectedl (1-2 (f>wj corrected)^ whcrcin <f>wicorrected = ^ [ (^i)/^ ^i], whcrC is the 

particle volume fraction at the membrane wall (-) for particle /. 

37. (Original) The method according to claim 31 further comprising: 
re-calculating packing density for all particle sizes and 

determining if packing constraints are not satisfled based on initial 
determination of packing densities of the particles at the wall. 

38. (Original) The method according to claim 37 further comprising: 
correcting packing density by using ^icorrected = ^ [ ((2tf)/2 ^,]; 
reevaluating J for the particle selected as having the minimum permeation flux 

based on <^icorrected= (ki [ ^4/]; and 

reevaluating maximum back-transport velocity (ui). 

39. (Original) The method according to claim 30, wherein filtration is 
selected from the group consisting of microfiltration and ultrafiltration. 

40. (Currently Amended) A method for crossflow membrane filtration of 
a polv-disperse suspension, said method comprising: 

selecting a polv-disperse suspension; 

A method for predicting pressure independent permeation flux for crossflow 
membrane filtration of a poly disperse suspension said method comprising: 
determining viscosity of the suspension; 

determining maximum back-transport velocity {m ) for all particles; 

estimating maximum aggregate packing volume fraction (^) for all particles 
at a wall of the filtration membrane from geometric considerations; 

selecting the particle that gives a minimum permeation flux at a given 
flltration membrane shear rate, wherein the selected particle has a radius (ai); 

determining a predicted permeation flux (J); and 
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determining packing density {<pwj) at the membrane wall for each particle size 
{aj for j ^ /) at the predicted permeation flux, thereby predicting pressure independent 
permeation flux for crossflow membrane filtration of fer-the polv-disperse suspension; 

optimizing conditions for fihration based on the prediction of permeation flux 
to design a filtration system for the selected polv-disperse suspension: and 

filtering the selected polv-disperse suspension using the designed filtration 

svstem . 

41 . (Original) The method according to claim 40 further comprising: 
re-calculating packing density for all particle sizes if packing constraints are 

not satisfied based on initial determination of packing densities at the wall. 

42. (Original) The method according to claim 41 further comprising: 
correcting packing density using (thvicorrected = (t>M [ {(/hvi)!^ (f>wi\\ 
reevaluating J for the particle selected as having the minimum permeation fiux 

based on <pwicorrected= (ki [ {(l>wi)l^ M', and 

reevaluating maximum back-transport velocity (ui). 

43. (Original) The method according to claim 40, wherein said 
determining viscosity of the suspension is carried out by using a modified Einstein- 
Smoluchowski equation: rj/rjo = 1+ 2.5^^ + ki^^, where rj is bulk fluid viscosity (kg/m.s) of 
the suspension, tjq is bulk fluid viscosity of the suspension without solute (kg/m.s), ki is 
particle shape factor (-), and ^ is particle volume fraction in the bulk suspension. 

44. (Original) The method according to claim 40, wherein said 
determining viscosity of the suspension is carried out by experiment. 

45. (Original) The method according to claim 40, wherein said 
determining maximum back-transport velocity (ui ) comprises: 

calculating Brownian diffusion (Jb) for all particles, where 
Jb =0Al4(r^T^/rjWLf'ln((^/(^); 

calculating inertial lift (Ji) for all particles, where Ji = O.OSGpa^j^/rj; 

calculating shear induced diffusion (Js) for all particles, where Js = 
0.07S(a^/Ly^^ jia^i^/ and wherein y is wall shear rate (s"^), fcis Boltzmann constant (J/mol 
K), ris temperature (K), rj is bulk fluid viscosity (kg/m.s), is radius of species /(m), L is 
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tube length (m), ^ is particle volume fraction at the membrane wall (-), is the particle 
volume fraction in the bulk suspension (-), and p is particle density (kg/m^); and 

selecting Jmax for each particle, wherein Jmax = m thereby determining 
maximum back-transport for each particle. 

46. (Original) The method according to claim 40, wherein said estimating 
maximum aggregate packing volume fraction(^v^ at the membrane wall for a suspension 
comprises: 

determining particle size (a^) of species (/) in the suspension; 

determining if the size ratio of the particles is > 10, such that > 10a/ for all 

au and 

calculating the maximum aggregate packing volume fraction(^/„y) by 
(l>Mn = (/>m+ (/>m{}- ^n-i), whcrc (I)m= (/>m sct to 0.64, whcu the size ratio the 
particles is >10, such that at+i > lOai for all au 

47. (Original) The method according to claim 40, wherein the suspension 
comprises 3 particle sizes and wherein ai >10a2 > 100^3, said method further comprising: 

calculating ^ = ^ + <4n (1- (2^) + 0.74[1 - + ^ (1- ^)}], 
wherein ^ is the maximum packing volume fraction for monodisperse spheres set to 0.64. . 

48. (Original) The method according to claim 40, wherein said estimating 
maximum aggregate packing volume fraction {(^) at the membrane wall comprises: 

calculating a maximum radius ratio of all particles; 
determining if said maximum radius ratio is < 10; and 
setting ^as 0.68, where said maximum radius ratio is < 10. 

49. (Original) The method according to claim 40, wherein said estimating 
maximum aggregate packing volume fraction {(^m) at the membrane wall for a suspension 
comprising two particles, such that ai >10 ^2, is carried out by calculating (/)m = + 0.74 (1- 
<pm\ where ^ is set to 0.64. 

50. (Original) The method according to claim 40, wherein said selecting 
the particle that gives a minimum permeation flux {J) comprises: 

calculating Brownian diffusion (Jb) for all particles, where 
Jb =QAl4{yi^J^lr/^a^Lfhn{^l(l>b)\ 

calculating inertial lift (/i) for all particles, where Ji = 0.0?i6pa^^/r]; 
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calculating shear induced diffusion (Js) for all particles, where Js = 
0.07S(a^/Ly^^ yin(^/^), wherein y is wall shear rate (s"^), Aris Boltzmann constant (J/mol K), 
ris temperature (K), tj is bulk fluid viscosity (kg/m.s), is radius of species i(mX L is tube 
length (m), ^ is particle volume fraction at the membrane wall (-), ^ is the particle volume 
fraction in the bulk suspension (-), and p is particle density (kg/m^); 

determining a Jmax value for each particle; and 

selecting a J,nax value from among all Jmax values that is the lowest thereby 
selecting the minimum permeation flux (J). 

5 1 . (Original) The method according to claim 40, wherein said 
determining packing density at the membrane wall {^j) for all particles at the predicted 
permeation flux (aj for j ^ i) comprises: 

back-calculating the value of such that (^j gives the predicted permeation 
flux (J) of selected particle (ai), using the equation for back-transport that establishes 
maximum back transport for each particle (aj for J=iX wherein the equation is either Jb = 
0Al4(rf^T^/Tfa^Lfhn((^/^) or Js = 0.07^aVLf^)in(^/^X orJi= O.OSGpay/?], where y 
is wall shear rate (s"^), /ris Boltzmann constant (//mol K), Tis temperature (K), r/ is bulk 
fluid viscosity (kg/m.s), a, is radius of species z(m), L is tube length (m), ^ is particle volume 
fraction at the membrane wall (-), ^ is the particle volume fraction in the bulk suspension (-), 
and pis particle density (kg/m ). 

52. (Original) The method according to claim 5 1 , wherein said 
determining packing density further comprises: 

determining if the predicted permeation flux is established by inertial lift (Ji) 
for one particle type; 

determining if uji >10J; and 

setting = 0, when one particle type is established by inertial lift (Ji) and uji 

>10Ji. 

53. (Original) The method according to claim 5 1 , wherein said 
determining packing density further comprises: 

determining if the predicted permeation flux is established by inertial lift (Ji) 
for one particle type; 

determining if uji <10J; and 

determining packing density (^j) by <^ji = - 2 <pwj when uji <10J and one 
particle type is established by inertial lift. 
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54. (Original) The method according to claim 5 1 , wherein said 
determining packing density further comprises: 

determining if permeation flux is established by inertial lift (Ji ) for more than 
one particle type; 

determining if wji < lOJfor the particles; and 

determining packing density by = ^ - 2 when wji < lOJand 
permeation flux is established by inertial lift for more than one particle type. 

55. (Original) The method according to claim 5 1 , wherein said 
determining packing density fiirther comprises: 

determining if permeation flux is established by Ji for more than one particle 
type 0*11. jI2v . .jin); and 

determining packing density at the membrane wall by 

+ (l>w]\2 = (t>M-^ wherein : ^.j^ = ^jn Wji2 : ^jn wjn, where j ^]\\ 
or jI2 and wjn, Wji2 < lOJ, when permeation flux is established by J\ for more than one particle 
type. 

56. (Original) The method according to claim 40, wherein filtration is 
selected from the group consisting of microfiltration and ultrafiltration. 

5 7 . (Currently Amended) A method for crossfiow membrane filtration of a 
poly-disperse suspension, said method comprising: 

selecting a poly-disperse suspension; 

A method for calculating yield of a target molecule in a permeate for a poly 
disperse suspension during crossflow membrane filtration, said method comprising: 

determining minimum pore diameter (2rininimum) based on the packing density 
of each particle^ and 

estimating yield of a target species in the filtration permeate for the poly- 
disperse suspension during crossflow filtration by calculating obseryed sieying coefficient 
(jSo) for the target species; 

optimizing conditions for filtration based on yield of the target molecule to 
design a filtration system for the said poly-disperse suspension; and 

filtering the selected poly-disperse suspension using the designed filtration 

system . 

58. (Original) The method according to claim 57, further comprising: 
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refining the yield and pressure independent permeation flux. 

59. (Original) The method according to claim 57, wherein said refining 
the yield comprises: 

determining whether the suspension has a low, intermediate, or high operating 
shear rate leading to different yield regimes, wherein a suspension at a low operating shear 
rate leads to an jS'o> 0.75 corresponding to a yield > 0.95, an intermediate operating shear rate 
leads to 0 < *So < 0.75 corresponding to yield from 0 to 95%, or a high operating shear rate 
leads to an So = 0, wherein So= &/((!- Sa)Qxp(-J/k) + SaX wherein actual sieving coefficient Sa 
is obtained from Sa = (SocQxp(Pein)y(Soc + exp(Pem) -1), wall Peclet number, Pem is obtained 
from Pem = (JSra/D)(Soc ls(j)K^, where J is permeation flux (m/s), 5^ is taken as the side of 
the face centered cube of the particles of radius a\ that forms the controlling cake for 
transmission, where = a = \{A{AIV)ti)I (jhmtersticei'^ ^ D is molecular diffusion coefficient 
(m^/s), intrinsic sieving coefficient Soc is obtained from Soc = (1-Xf[2 - (1- Xf] exp(- 
0.7146X,^), X = rs/rmin, where rs is solute radius (m) and rmin is a minimum equivalent cake 
void radius for all cake types (m), ^ is equilibrium partition coefficient between membrane 
pore and suspension (-), s is cake/membrane porosity (-), Kd is hindrance factor for diffusive 
transport (-), and k is mass transfer coefficient (m/s). 

60. (Original) The method according to claim 59, wherein an intermediate 
operating shear rate is determined as leading to 0 < jS'o< 0.75, said method further comprising: 

calculating stagnant film flux (J) equation for non-retentive membranes 
wherein J = k In [((t)wi - (t)permeatei) /((t>bi - (t>permeatei)] = ^ In [(^^i /<^bi(l " ^o)], whcrcin (C|)wi » 

^permeatei)? and 

correcting So by replacing J = solvent permeation flux ( m/s) with the stagnant 
film flux (J) equation for non-retentive membranes in the equation for observing sieving 
coefficient. So, where = Sa/(il- jS'a)exp(-J/A:) + Sa ). 

61 . (Original) The method according to claim 57, wherein determining 
minimum pore diameter (2rniinimum) is carried out using 

2rmmimum = <^i{V2[4(4/3)7i/(2iwiinterstice] -2 }, wherc CI is the radius of species / 
(m) and rminimum is a minimum equivalent cake void radius for all cake types (m). 

62. (Original) The method according to claim 57, wherein said estimating 
yield of a target species comprises: 

calculating observed sieving coefficient (So), where 
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So = Sa/((l - Sa)Q^p(-J/k) + Sa ), whercin actual sieving coefficient Sa is obtained from Sa = 
(SocQxp(Pem ))/(*Soc + exp(Pem ) -1), wall Peclet number, Pcm is obtained from Pcm = 
{JSm/D)(Soc /s^KdX where J is permeation flux (m/s), is taken as the side of the face 
centered cube of the particles of radius ai that forms the controlling cake for transmission, 
where S[n = a = ai [(4(4/3)7i)/ (puntersticeY^^ r> D is molecular diffusion coefficient (m^/s), intrinsic 
sieving coefficient Sac is obtained from 6'oc = {l-X)\2 - (1- X)^] exp(-0.7146?L^), X = rs/rmin, 
where Ts is solute radius (m) and is a minimum equivalent cake void radius for all cake 
types (m), ^is equilibrium partition coefficient between membrane pore and suspension (-), s 
is cake/membrane porosity (-), Kd is hindrance factor for diffusive transport (-), and k is mass 
transfer coefficient (m/s). 

63. (Original) The method according to claim 57, wherein crossflow 
filtration is carried out in a diafiltration mode, said the yield of the target species after Nd 
diavolumes is estimated by Yield =1- exp(- A^d^oaverage), where iSoaverage is average observed 
sieving coefficient during diafiltration (-), where So = SJUl- Sa)oxip(-J/k) + Sa ), where actual 
sieving coefficient Sa is obtained from Sa = (SacQxp(Pem ))/(*S'oc + Qxp(Pein ) -1), wall Peclet 
number, Pem, is obtained from Pcm = (JS[n/D)(Sac /e^Kd), where J is permeation flux (m/s), 

is taken as the side of the face centered cube of the particles of radius Ui that forms the 
controlling cake for transmission, where S[n = ci = ai [(4(4/3)7i)/ (^interstice] •> D is molecular 
diffusion coefficient (m^/s), intrinsic sieving coefficient iSoc is obtained from S^_, = (1-?^) [2 - 
(1- Xf] exp(-0.7146A-^), X = rs/rmin, where rs is solute radius (m) and rminis a minimum 
equivalent cake void radius for all cake tj^es (m), and ^ is equilibrium partition coefficient 
between membrane pore and suspension (-), s is cake/membrane porosity (-), is hindrance 
factor for diffusive transport (-), and k is mass transfer coefficient (m/s). 

64. (Original) The method according to claim 57, wherein filtration is 
selected from the group consisting of microfiltration and ultrafiltration. 

65. (Original) The method according to claim 57, wherein filtration is 
carried out with a filter selected from the group consisting of a flat sheet filter, hollow- fiber 
filter, and a helical filter. 

66. (Original) The method according to claim 57, wherein the suspension 
is selected from the group consisting of streams from biomedical and bio-processing 
industries, waste water, surface water, environmental pollutants, industrial waste streams, and 
industrial feed streams. 
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67. (Original) The method according to claim 66, wherein the suspension 
is a stream from biomedical and bio-processing industries selected from the group consisting 
of proteins, cells, nucleic acids, colloids, milk, and suspended particles. 

68. -72. (Cancelled) 

73. (Currently Amended) The method according to claim 4074, wherein 
filtration is carried out with a filter selected from the group consisting of a flat sheet filter, 
hollow- fiber filter, and a helical filter. 

74. (Currently Amended) The method according to claim 407i, wherein 
the suspension is selected from the group consisting of waste water, surface water, 
environmental pollutants, industrial waste streams, and industrial feed streams. 

75. -79. (Cancelled) 

80. (New) The method according to claim 30, wherein filtration is carried 
out with a filter selected from the group consisting of a flat sheet filter, hollow-fiber filter, 
and a helical filter. 

81 . (New) The method according to claim 30, wherein the suspension is 
selected from the group consisting of streams from biomedical and bio-processing industries, 
waste water, surface water, environmental pollutants, industrial waste streams, and industrial 
feed streams. 

82. (New) The method according to claim 81, wherein the suspension is a 
stream from biomedical and bio-processing industries selected from the group consisting of 
proteins, cells, nucleic acids, colloids, milk, and suspended particles. 

83. (New) The method according to claim 74, wherein the suspension is a 
stream from biomedical and bio-processing industries selected from the group consisting of 
proteins, cells, nucleic acids, colloids, milk, and suspended particles. 
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